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AEBONAimC  SYMBOLS 
1.  FUNDAMENTAL  AND  DERIVED  UNITS 


Metric. 

Enghsh 

Symbol 

■  -  -r'  -  ■ 

Abbrevia¬ 
tion  7 

Abbrevia¬ 

tion 

,  ■ 

:  Unit  , 

Unit 

( 

mcrfAF  _ _  _ _ 

m 

foot  (or  mile)." — - 

ft  (or  mi) 
sec  (or  hr) 

-lb 

.L6ngtii....w.. 

second - - - 

s 

second  (or  hour) - 

Force _ - 

F 

weight  of  1  kilogram...^- 

kg 

weight  of  1  pound . 

P 

horsepower  (metric)  -  -  -  -  - 

horsepower---”- - 

hP. 

mph 

fps 

Power.-- — -- 
Speed - — 

V 

-/kilometers  per  hour— ^ - 

Imeters  per  second  -  -  - - 

kph 

mps 

miles  per  hour-  _  - - 

feet  per  second . 

2.  GENERAL  SYMBOLS 

-  ,  Kinematic  viscosity 

o  Density  (mass  per  unit  volume) 


p  jjensix-y  \mabs  pei  uaaiu  i  i  ko  p 

Standard  density  of  dry  air,  0.12497  kg-m  -s  at  15  C 
and  760  mm;  or  0.002378  Ib-ft  ^ 

Specific  ^weight  of  ^^standard^^  air,.  1:^255  kg/m  or 
0.07661  Ib/cuft  '  -  :  : 


Weiglit==wi^ 

Standard  acceleration  of  gravity  1=9.80666  4n/s 
'  or  32.1740  ft/sec*  ^  -  ^  ^ 

"  -  W'  ■  - 

.  :  Mas8=y  , ,  .  ■  -v^  - 

Moment  of  inertia=JMi*.  (Indicate  ax^  of 

radius  of  gyration  fc  by  proper  subscripfO  -  r  \  ”  : 

'  Coefficient^  of  viscosity  '  V  " 

:  3.  AERODYNAMIC  SYMBOLS  ^  ^  , 

Angle  of  setting  of  wings  (relative  to  thrust  line) 

'  4,  Angle  of  stabilizer  setting  (relative  to  thrust 

4  1  ■  V/  Q  Resultant  moment  ■ 

'  ^  ^  ResultaiLt  angular  velocity , 


Area  ; 
Area  of  wing 
Gap 
Span 
Chord 


6> 


Aspect  ratio,  ^ 

True  air  speed  7  ^ , 

Dynamic  pressure, 

'  ^  "  i’  ■ 

'  lift,  absolute  coefficient 
Drag,  absolute  coefficient  Cz)=^ 
Profile  drag,  absolute  coefficient 


B 


-A 


Induced  drag,-  absolute  coefficient  (7^^" 


qS 

=  qS 

D. 


a 

€ 

Cto 

ai 

<Xa 


Parasite  drag,  absolute  coefficient 

G 

Oosg-^ind  force,  absolute  coefficient 


Reynolds  number,  where  1  is  a  linear  dimen- 

sion^e.g.,  for  an  airfoil  of  1 .0  ft  chord,  100  niph, 
standard  pressure  at  15°  C,  the  correspon difig 
Reynolds  number  is  935,400;  or  for  an  aiiioil 
of  1.0  m  chord,  100  mps,  the  corresponding 
Reynolds  number  is  6,865,000) 

Angle-of  attack 

Angle  of  downwash 

Angle  of  attack,  infinite  aspect  ratio 

Angle  of  attack,  induced 

Angle  of  attack,,  absolute  (measured  from  zero- 
lift  position) 

Flight-path  angle 
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SUBSONIC  FLOW  OVER  THIN  OBLIQUE  AIRFOILS  AT  ZERO  LIFT 

Hv  Hohkrt  T.  Jones 


SUMMARY 

A  jirevmis  report  pare  calculations  for  the  pressure  distri- 
bution  over  thin  oblimte  airfoils  at  supersonic  speed.  The 
present  report  exteitds  the  calculations  to  subsonic  speeds. 

If  is  found  that  the  f  oxes  apain  can  be  obtained  by  the  super¬ 
position  of  elementary  conical  fow  fields.  In  the  case  of  the 
swept-baci-  winp  the  pressure  distributions  remain  pualitatirely 
.similar  at  subsonic  and  supersonic  speeds.  Thus  a  xli.stnbution 
.similar  to  the  Ackeret  type  of  distribution  appears  on  the  root 
.sections  of  the  swept-back  unnp  at  M=0.  The  resultinp  posi- 
tirc  pressure  drop  on  the  root  section  is  balanced  by  nepatire 
drops  on  outboard  .sections.  ,  ^ 

INTRODUCTION 

So  far  as  is  known,  attoinpts  (o  extond  airfoil  prrssiirc- 
(Ustribulion  calculations  to  three-dimensional  How  have 
been  confined  to  cases  of  thin  liftin*;  surfaces.  It  has  f;en- 
erally  been  assumed  that  the  component  of  the  pressure 
distribution  arising  from  the  thickness  of  the  airfoil  will  be 
but  little  affected  by  the  finite  span,  or  aspect  ratio,  of  the 
wing.  This  supposition  is  borne  out  by  the  known  incom¬ 
pressible-flow  solutions  for  flat  ellipsoids.  These  solutions 
show  that  the  usual  variations  of  aspc'Ct  ratio  produce  small 
effects. 

Clompressible-flow  theory  shows,  however,  that  the  eflects 
of  plan  form  become  more  pronounced  at  higher  speeds. 
The  theory  indicates  a  progressive  reduction  of  the  e(|uiva- 
lent  aspect  ratio  as  the  Mach  number  approaches  1.0. 
lienee  at  these  speeds  the  three-dimensional  character  of  th<> 
flow  can  no  longer  he  neglected.  Of  particular  interest  are 
the  deviations  from  two-dimensional  flow  near  tin-  root 
sections  of  a  swept-back  wing,  since  the  adverst'  effects  of 
compressibilit V  may  arise  first  in  this  region. 

In  the  present  report  thret'-dimensional  flows  are  obtained 
from  a  distribution  of  “pressure  sourc(*s  in  the  chord  plane 
of  the  airfoil.  The  shapes  thus  obtained  are  symmetrical 
airfoils  at  zero  lift.  The  calculations  are  simplifit'd  by 
considering  airfoils  composed  of  conical  or  eyhndi  ical  sui  fat  t*s. 
In  these  eases  thesourci'sean  be  arranged  into  lines  of  iimlorm 
strength  following  thi'  geni'rators  of  the  surface.  1  he  relation 
bt'tweeii  th(“  strengths  of  the'  lim*  sources  and  tlu'  shajx*  of 
the  airfoil  is  the  same  as  in  reference  1;  that  is,  each  line 
source  produces  a  deflection  of  the  streamlines  crossing  over 
the  source.  The  pressure  field  of  the  liiu'  source  again  can  be 
reiiresellted  by  systems  of  straight  rays  of  e(|ual  (ire.ssiire 
(isobars)  radiating  from  the  ends  of  the  line  source. 


In  general,  the  present  development  follows  closely  that  of 
nderence  1  and  the  render  should  consult  that  report  for 
additional  details  of  the  method.  The  solutions  are  given 
explicitly  for  A/=0  but  are  extended  to  other  Mach  numbers 
bv  the  well-known  Prandtl  transformation. 

THE  OBLIQUE  LINE  SOURCE 

It  is  well  known  that  an  individual  velocity  component  of  a 
potential  flow  will  satisfy  the  same  differential  e(|untion  as  the 
potential.  In  the  approximation  of  the  thm-airfoil  theory 
the  pressure  depends  only  on  the  individual  componiuit  u, 
that  is, 

q  V 

whilo  tho  slope  of  the  surface  depends  only  on  the  individual 
component  w,  that  is 

dz_w  (0) 

(See  appendix  for  symbols.)  Hence  in  the  ihin-airfoil  theorv 
it  is  often  more  convenient  to  deal  directly  with  tlu‘  \{‘Iocities 
u  and  w  as  solutions  of  Laplace’s  equation  than  to  deii\e 
these  components  from  a  velocity  potential  tp. 

Since  u  is  proportional  to  the  pressure^,  a  solution  ol 
Laplace’s  equation  can  represent  directly  tlie  pressiin*  distn- 
bution,  hence  the  term  “|)ressur('  pot(‘ntial.  In  thi?- 
terminolo”;y,  the  fundamental  solution 


2 _ 


(H) 


repres(‘nts  a  point  sourc(‘  of  pri'ssui’c  ratluM*  than  a  point 
source  of  fluid. 

To  ^^et  the  efiVet  of  a  row  of  sources,  or  a  liiu'  sourc(‘,  aioiijx 
the  axis  between  tlie  points  a  and  h,  it  is  necessary  to  inte- 
o:r’ate  (*(jiiation  (il); 


.  dk 


The  pressure  field  of  (he  finite  line  source  thus  consists  of  the 
sum  of  two  conical  pressure  fields  radiating  Irom  the  ends  of 
the  line  source.  (See  fig.  1.)  In  the  supersonic  ease  (refer¬ 
ence  I),  (he  radial  isobars  forming  the  conical  field  were 

1 


«4;i:n4— iy 
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Kic.ruE  1.— I’rossiiro  fii'ld  for  linr  sourtv  of  lonpth  {b—n). 


confiiUHl  to  lh(‘  dowiistreain  Mach  con(‘.  howc'vt'r, 

tli(*  isobars  ('xtfMul  ovct’  th(*  whole  space. ^ 

If  the  direction  of  flight  is  along  the  axis  of  the  source 
(x  axis),  the  flow  will  satisfy  tin*  boundary  condition  for  a 
l)ody  of  r(‘volution.  However,  if  the  line  soun'c  is  turned 
out  to  a  position  obii(jU(‘  to  tlu'  stream,  tin*  boundary  shaja' 
will  be  distorted  and,  if  the  angle  of  obli(iuity  is  large  (‘iiough 
to  place  th(‘  line  sour(‘('  W('I1  outsid(‘  th(‘  diameter  of  the 
original  body,  th(‘  figure  form(‘d  will  b<‘  an  ol)li(jU('  vvedg('. 
'’rh(‘  nos(‘  angi(‘  of  th('  wedg(‘  is  fornnal  wIhuv  th(»  str(*amlin('s 
of  the  main  flow  cross  the  lim'  source. 

At  sup(‘rsonic  spia^ds  tlu'  expression  for  th(‘  obli(pi(‘  liiu' 
sourc(‘  was  obt aim'd  by  applying  an  e(juiva)ent  of  the  ijorenU 
transformation,  for  which  th(‘  wav('  ('(juation  is  invariant, 
'^riu'  e(juival('nt  transformation  for  Laj)lac(‘’s  (Hjuation  is  a 
rotation  of  th<‘  ax(‘s.  givfui  by 

./•'  —  .r  +  7a// 

y'  ~  y  —  mx 

~J  --  z\  1  4-  rn~ 

:  'I'hr  I’oniiMl  pri'ssiiri'  licld  fur  cithiT  tltr  suh.'^onic  or  llu'  suin’rsonif  liiii*  .s{)iji{r  ni:iy  Im*  oti 
l.Mm'fl  liitcctly  (roiii  itu'  pciinal  soliilioiis  of  Liiplotr’s  r(|u:Uions  of  zero  df’erco  in  /,  y,  z  piven 
by  \V.  [•’.  Donkin.  (Sot*  rofi'n-ncc  'I,  pape  :5.".)  The  maii-ral  solution  is 


Ttii'  .■'olnlion  coj rcsixnniiiiL'  to  iltr  subsonic  line  source  is 

II  -  -  L\  I\  liiu  -  =  si  nil  '  ■■  •  ,  , 

while  llie  lii-ld  for  1  In-  supersonic  soiir<'i'  is  piven  by 

y+i: 

I'  ^  ^  =  costi“' 


where  m  is  tin*  slojx'  of  the  new  ax(‘s  relative  to  th(‘  old. 
(Note  that  a  change  of  scale  is  admitted  for  convenience.) 
The  geometry  of  the  pressure  field  relative  to  the  line  sourc(‘ 
is  not  altered  in  any  way  by  this  1‘otation  and  the  isobars 
behave  as  though  they  were  rigidly  attached  to  the  ends  of 
the  source.  For  a  line  source  with  on(‘  end  at  the  origin, 
we  hav(' 


7/  =  sinh  ‘ 


This  field  is  illustrat(‘d  in  figui’e  2  for  the  plane  r— 0.  As 
//<~>oo  the  X  and  y  axes  interchangf*  and  there  is  obtained 

7y  =  sinlr‘  (6) 

for  a  iiiu'  sourct'  along  y. 

Th(‘  vertical  velocity  w  near  .t=-0.  whi<-h  determines  the 
shape  of  tlu'  boundary,  may  be  found  by  integrating  n  with 
respect  to  r  and  then  differentiating  the  residting  velocity 
potf'iitlal  with  respect  to  r. 


Eviiluiilion  of  tliis  iiiU’frral  for  die  ovcila|)pin^^  liclds  from 
two  ends  of  a  line  source  givc's 


.o 

w=±2^ 


over  tlic  area  of  tin-  jo/  plane  Imliiiul  tlie  line  source 


■SUliSONlC  FLOW  OVEU  THIN  OBLIQUE  AIBKOILS  AT  ZERO  LIFT 


y 


Figi  rk  2.— PiTSsiiru  ficltl  «iiin  to  oiiu  oikI  of  ol)li(iiU'  lini'  sourtr. 


The  fifriirc  formed  l>y  tlie  stn'uinliiies  erossiiii:  ii  line  source 
is  tlius  II  we<lf?e-sliapc(l  body  haviiiji;  an  oblicjue  liTidiii;^  edge 
and  extending  indefinitely  downslroani.  It  is  evident  from 
e(|uation  (3)  that  tbc  infinitely  wide  wedge  cannot  be  treated 
in  subsonic  flow,  since  it  creates  an  infinite  jiressure  disttirb- 
ance  at  all  jioints. 

The  sloiie  of  the  wedge  surface  away  from  the  chord  plane 
is  <riv(‘n  l)v 

^  •  7 


With  this  relation  and  efiuation  (8)  the  presstire  eoellieient 
n(‘ar  lh(‘  j)lane  ^=0  may  l)c‘  expressed  in  terms  of  the  slop(‘ 


q  TT 


m 


dz( 
^  dx  V 


VI +m 


sinh->-i-,r-sinh  ■  • 


(10) 


whert'  |//'|  indicates  the  ahsohite  ma^niitiide  of  //'.  Foliowinjr 
tlie  thin-airfoil  theory,  the  ])ressure  over  tlu*  eliord  plane 
is  tak(‘n  as  the  pressure  over  the  actual  airfoil  surfaia'. 

AIRFOlLvS  ROUNDED  HY  PLANE  SURFACES 


It  was  s(‘en  that  th(‘  effect  of  a  line  source  in  llu'  pressuri' 
{i(‘ld  is  to  (^aiise  a  defl(‘ction  of  the  streamlitu's  crossing;  the 
source.  Tlu'  dellec.tioii  thus  produced  is  ecjual  and  opposite 
at  })oinls  al)ove  and  Ix'low  lh(‘  (*hord  ])lan(‘,  so  lliat  th(‘ 
sourc(‘  spr(*ads  th(‘  str(‘ainlin(‘s  apart.  Jf  tlie  source  js 
follow(‘d  by  a  sink  of  cfjuai  stren^nh,  an  eiiual  opposite'  defh'c- 
lion  of  th(‘  St reainliiK's  will  occur  as  tlu'y  cross  ov(‘i‘  th(‘  sink. 
Tlu'  litrui-e  formed  by  the*  streamlines  neai-  tJi('  ])lan(‘  z={) 
will  thus  l)(^  a  ])la(.e  of  uniform  thickiu'.ss  with  a  heveded 
balding  (‘d^(‘.'  (See  fi^.  d.j 

-  Aufonliim  fo  tlit‘  I hiti-:iirfoit  Micuiy  tlio  1  hicknuss  of  Mio  ficiiro  at>niptly  at  thu  oiitis  j 
(if  the  S()iir<*«‘  liiifs.  A  iiforu  uxiici  considurai ion  would  Itu  uNpuciuti  n>  show  soiiu'  nniiHiin;:  j 
at  the  of  lliu  winigu  ;is  in  ngiiiT'  15.  ' 


P/on 


c 


I- 

I- 

I, 


Sec  T/on 


FiGl-Ki:  ;{  -  ('oiKslriiciion  of  Utu  prussniv  disii  ilnit  ion  ovur  a  lu'vuli'd  luadinp  udvu. 


4 


JiKPOirr  XO.  902 — national  ADVJSOUV  committee  EOK  AEHONAT'Tirs 


Tlu‘  ])r(‘ssur('  (lisn’ii)uti(>n  ()v<‘r  such  «  Ix'voh'd  inoy 
ho  obtaiiK'd  vorv  siiiij)ly  by  sujx'i'iinposin^  iho  ])r('ssiiros  laid 
ofr  on  radial  is()l)ars  oriirinaliiiii:  from  llio  four  oornors  of  tli(‘ 
bov('I.  Figure  illustraU's  iJiis  ])rocoss  for  a  I)('V(‘l  Jiaving  a 
square  plan  forni.  Only  isol)ars  fi'oni  oiu*  ti])  are  sliown  , 
beeauso  of  the  symmetry  of  tlie  fillin'.  j 

In  lijrnre  d,  tin'  liiu'  source'  aiid  lli(‘  liiu'  sink  are  ])ara]l(‘j  ' 
to  the  ?/  axis,  Jienc(‘ 


a  =  sinh  * 

M’-r  1 1 

?/~l 

;T-kl 

sinlr’ 

V- 1 

I./  —  ! 

(11) 


It  can  be  seen  that  if  tin'  asjX'cl  i'alio  of  llu'  fi^^ire  is  incr(‘ased 
to  a  lar<j(‘  valiu'  tin'  (‘luls  of  the  line  source's  will  Ix'  s('])a]‘at(*d 
by  a  ^ovat  disian(*('  and  tlu'  is(>l)ai‘s  in  internu'diale  n'gions 
will  a])proach  ])aralh‘l  straight  liiu's.  iu'iice'  tiie  flow  fi(*ld 
ap])roach(‘s  a  cylindri(*al  or  t wo-dinu'nsional  form.  At  tin' 
same  time  tlie  argimn'iits  //i  1 /|.r i  1 1  in  ('((nation  (11)  Ix'- 
coiiu'  ]f±‘n!j'±  1  and  t]  tak('s  on  v('i-y  large'  valiH's  so  that 


shdi  ‘ 


y±v 

|T±  1 


-^±iog 


y±v 
iTib  1  i 


and  (‘(Illation  (11)  is  found  to  a])])roach  tiu'  Jji'gendro  func¬ 
tion  that  is 


u=-2 


log 


Lr— 1 

j'^“h  1 


-4  f^(.r) 


(12) 


(Sec  reference  d,  p.  110.) 

This  e.xpn'ssion  wlu'ii  combined  with  eejuation  (8)  agrei's 
with  the  two-dimensional  ])otential  function  for  the  wedge, 
that  is, 

—  {u—ivj)  =  4  ±  27ri  (1 3) 


(See  fig.  4.) 

The  isobars  at  right  angles  to  the  axis  of  the  line  source  are 
liiH's  of  zero  pressuri',  hence  the  rays  originating  at  the  tij) 
of  a  rectangular  wing  contribute  nothing  to  the  pre'ssure 
distribution  at  this  lij).  Tin'  wliole  pri'ssure  distrifiution 
at  one  ti])  is  thus  obtained  by  considering  oidy  those  isobars 
radiating  from  the  o])posite  ti]).  It  is  evidi'iit  that  in  tin' 
cas('  of  a  long  narrow  j'cctangular  wing  the  ])r(^ssur('s  at  i 
eitlu'r  ti])  will  be  a])])roximately  om'-half  tin'  ])r('ssur(*s  ov('!- 
tiie  middle  |)ortion  of  the  wing. 

In  case  the  wing  is  ()])Ii(|iie  the  tij)  sections  will  no  long('r 
be  at  j-ight  angh's  to  th('  ax('s  of  the  souix'e  lines  and  the  I'ays 
originating  fi’om  the  adjaci'iit  (‘iids  of  tlu'  source  liiU's  v'Hl 
contril)u(('  to  the  ])r('ssure  ov('r  the  lij).  It-  can  Ix'  sho\\'n 
that  this  com])on('nt  of  tin'  ti])  jiressiirc'  distribution  is  i 
similar  in  form  to  tlu'  Ack('ret  ty])(‘  of  distribution,  that  is,  I 
the  ])i‘i‘ssure  at  any  ])()int  of  tlu'  surface  is  ])r()p()rti()nal  to  | 
tii(‘  slop('  of  tlie  surface'  at  that  ])oint. 

(’onsider  first  the  sl()])ing  surfaci'  fornu'd  by  a.  ])air  of  ' 
oi)li((U(‘  s()urc('-siidv  lim's.  The  tij)  si'ction  lie's  along  the  ! 
lines  of  e'onstant  ])re'ssur(j  of  magnitueh'  jiropeirtional  to  ; 
sinlr'  ];/n.  Ih'twe'e'ii  the  se)iirce  and  sink  tlie'  ])j-('ssur(‘s  are'  | 
addili\e'.  so  that 


. '  (14) 

(J  TT  -^  ]  -f  W- 

Alu'ad  of  or  bc'liind  this  section  the'  pi’e'ssure's  cancel. 

In  case'  of  a  ('urved  airfoil  surlae'e^  the'  chord  can  be  divided 
into  elenu'iits  com])os('d  of  sourc('-sink  pairs,  the  striuigths  of 
which  are  ])r()])ortional  to  the  slojx'  of  tlu'  surlace  at  the  ])oint 
in  (juestion.  Each  ])air  then  contributes  a  jiressure  ])ro])or- 
tioiial  to  the  local  slo])e  anel  contribute's  no  ])ressure  at  othe^r 
points.  Hence,  equation  (14)  a])])lie*s  wiu'n  (h/(/.r  is  variable 
along  the'  clioi'el. 


The'  foregoing  arguments  of  course  a])])ly  only  at  the  tip 
section  of  the  oblique  wing.  At  some  distance  from  the  tip 
section  tlu'  overlaj)})ing  isoliars  radiating  from  the  ti])  again 
produce'  a  (juasi-cylindrical  ])r('ssure  field  as  in  tlu*  (‘ase  of 
th('  rectangular  wing.  Tlius  the  re'sultant  ])re‘ssur('  distribu¬ 
tion  at  either  tip  of  a  long  oblique'  wing  consists  of  two  com- 
])onenls.  one'  give'n  by  e‘((ualion  (14)  and  ol  the'  A(*k('re't  ty])e 
while  the'  other  (H)m])onenl  is  e(|ual  to  oiu'-liall  the^  normal 
t wo-elimi'iisional  ])ressure'  (jistributie)n  assex'iate'd  with  tin' 
airfoil  section. 

Figure'  ”)  shows  the  ])r('ssur('s  ove'r  a  l)e've'le‘d-e*dge'  ])i‘olilo 
having  43*^  sweeqiback.  Tlu'  (ire'ssure'  distribution  o\'('r  the 
re)e)t  se'ctie)n  is  given  by 


7)1  (iz 


-sinh  ^ 


(15) 


SUBSONIC  FLOW  OVKI^  THIN  OBLIQUE  AIHFOILS  AT  ZERO  LIFT 


O 


at  a  iri*(’at  distance  fi'oin  cither  I’oot  or  lip  by 


A/>  —  4  m  dz  ^  . 


and  at  tlu‘  tip  by 


=  — ~  ~  (?„W+sbih  ^  ^  PoiJr) 


Plan 


(10) 


(17) 


I  "Ap 


Kjgukk  5.— I’re.s.sure  distribution  over  hoveled  edRO  with  -lo®  sweepbuck. 


To  take  account  of  the  effect  of  compressibility  we  make 
use  of  tlie  Fraud tl  transformation,  increasing  both  the  x 

dimensions  and  Iheprt'ssurt'  coenicicnts  l)y  tJie  factor 

Kephudng  m  by  ^  1  — d/~  cot  A,  wlierc  A  is  the  angh»  of  swee])- 
i)ack,  (Hpiation  (H))  reduces  to 


Ap 


-4 


1 


p;2{V  cos  A)'  TT  y ]  —  (A/  cos  A)"  dkx.  cos  A) 


Thus,  iita  great  distanc('  from  either  root  or  tij),  the  pressures 
follow  a  variation  indicated  l)y  tlie  nornud  component  of 
velo(‘ity  \  ^  cos  A. 

At  th(‘  root  s(‘ction,  a  coni])onent  representing  the  Ackeret 
iy])e  of  ])r('ssure  distribution  is  added  to  etpiation  (IN).  This 
compomuit  is 

4  _  J _ •_  _jlz 

TT  A  1—  (d/  cos  A)^  d{x  cos  A  ) 


sinlr'  (  -—A - )  r„(./ 

VaJ-.I/- cot  A/ 


Tlio  factor  sinh  ‘  | -  ■  shows  a  lopiritlirnic  in- 

\1—M-  cot  A 

finity  at  A/=1.0.  Hence  the  pressure  on  the  root  s(‘ction 

increase's  more  rapidly  with  Mach  nuinlxu*  tlian  do  the  pres¬ 
sures  at  otiicr  vSectioiis  of  the  swept-back  wing,  further- 
more,  tlie  shape  of  tlie  pressure  distribution  over  the’  root 
section  approaches  the  Ackeret  shajie  more  closely  as  tlu‘ 
Mach  number  approaches  1 .0.  As  shown  in  reference  1,  tin' 
j)ressure  distribution  on  tin*  root  s(‘ction  is  exa(*tly  tliis  shap(* 
at  su])ersonic  s])eeds.  that  is. 


A/)  _4  1  [P _ 

(J  cos‘  A  TT  —  [M  cos  A)'  d) 

coslr‘("  ir  V  "  I  .)7*«('^) 

1  cot  A  '' 


(20) 


Sinc(^  sinh”*— >(*osh“*  for  large  values  of  the  argunu'iit,  tin* 
sw('])t-back  airfoil  shows  no  discontinuity  in  the  tyjie  of 
])ressure  distribution  on  ])assing  tlirougli  the  sjieed  of  sound. 
It  will  be  evident  that  similar  reasoning  can  be  applied  to 
the  tip  sections. 

AIRFOIL  OF  BICONVEX  SECTION 


The  use  of  a  finite  number  of  sources  and  sinks  results  in 
airfoil  sections  composed  of  straight  segments.  Such  sec¬ 
tions  are  undesirable,  since  they  show  infinite  jiressure  ])eaks 
at  the  bends  in  tin*  surface.  Surfaces  having  continuous 
(‘urvature  retiuire  continuous  distribution  of  sources  and  sinks 
alined  witli  the  generators  of  the  surface.  Tin'  simiih'st  of 
these  is  the  biconvex  jirofile  in  which  the  upjier  and  lower 
surfaces  are  ])arabolic  arcs  and  have  constant  (uirvatun'. 
Such  a  profile  requires  line  sources  of  finite  strength  to  form 
the  desired  angles  of  intersection  of  the  arcs  at  the  leading 
and  trailing  edges  together  with  a  uniform  distribution  of 
sinks  along  the  chord  plane  between  the  t  wo  sources. 

The  pressure  field  for  a  unifoim  sheet  of  line  sources  is 
obtained  by  integrating  the  field  of  a  single  line  source  in 
the  X  direction.  This  integral  is 


1 

D 


y,rfx= A+Jiiy  siah-' 

\y  I  m 

-  v'  sinlr’  A, 

m  \y  I 


X 


l2/l 


(21) 


The  int.e<rnitiou  for  ti  source  sheet  is  actuiilly  soinewliiit 
simpler  if  the  inlerfereiiee  of  a  hilaterally  sytmuelrieal  ar- 
I'aTijroinent  of  source's  is  eoiisidi'riul  siiiiullan(.oiisl\ .  JJu*  iii- 
Ihieiiee  of  the  symmetrical,  or  (•onjiiymle.  airaiiiremeiit  is 
ohtaiiiod  liy  sulistitutiiig  — at  lor  ai  iu  ('(iiialion  (21).  J)e- 
iiotiiif;  .r — mij  hy  s'  and  i/  —  iiis  hy  y'  we  Inive 


i(»  +  »)  =  J(Hinh-  )'/■'■ 

'  (y'  sinh"'  - y'  sinh  '  i  /  i  )  (22) 

m  V  !  .'/  I  1?/  I  ■ 


To  obtain  a  complete  swept-haek  win-j  it  is  neee.ssary  to 
add  a  mimiier  of  eoniponent  pressure  fields  as  ('.\plained  in 


(19) 
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referc‘nc(‘  1.  For  iin  infiiiito  swo])t-biick  win^  witli  loadin^u 
and  Irailin^^  odp's  at  ?/'=--  + m  and  —w,  rosiXH'livoly,  on  ono 
side,  and  at  and  — i-espectiv(‘ly,  on  th(‘  other  sid(‘, 

there  is  obtained 


Ap  _  2  rn 
(j  T  yl+m 


+1_ 
771  i 


sink 

sinlr 


(F)  [2^- (sinlr- ^ 

-i'yl  yF'(sinlr-p|^- 

I '  _L  I  /  <»«  \  \qj  —  Jill  j 


\y'  +  m  I  /  m 


\vher(‘(“)  is  th('  tliielviiess-ehord  ratio  of  the  bi(*onv(‘.\ 
'  ^  J  viai 


profih'.  TJh‘  tei’ins  r(‘pr(*sent  the  pressuo'  distril)ii- 

lion  on  the  ])ieonvex  airfoil  in  two-dimensional  How.  Th(‘ 


apj)(*aranee  of  th(‘S(‘  tc'i'ins  is  tin*  I'esnlt  of  th(‘  assumption 
that  the  tips  an'  n'lnoved  to  a  ^reat  distanec'. 

At  th(‘  root  section  (?/===0)  ecjualion  (2d)  reduces  to 


Ap 

<1 


^  .Y"!  )  4^^,(.r)“4  sinlr  ’ 

TT  Vy  /  mux  _ 


1 

in 


Fi^nin'  G  shows  f)ressure  distributions  at  various  stations 
alon^r  the  span  for  a  biconvex  win^  with  00°  sweepback. 
The  curves  assunu'  th('  two-dimensional  form  at  a  n'lativeh^ 

short  distance  section,  and  similar 


I'  lr.l  liK  Prrssui  i'  (list  t  iiuil  ion  :il  V:irions  sp:iin\  ]><•  simions  oji  s\\  rpl -Imck  witiL.  A-Pn  , 


behavior  is  to  be  expected  near  the  tii)s.  Hence  th(^  assump¬ 
tion  of  infinite  aspe('t  ratio  should  apply  very  nearly  at  auA^ 
section  situat(‘d  more  than  one-half  choi’d  lenirth  Irom  either 
root  or  tip. 

Figui’e  7  shows  the  effect  of  Mach  number  on  the  pj’essiires 
over  the  root  section  and  illustrates  the  pro^n’essivc-  change 
to  the  suj)(‘rsonic  type  as  the  iMacli  number  ap])roacli(‘s  1.0. 
It  can  be  seen  that  an  increase  in  Mach  number  will  not  oidy 
iiicr(*as{'  tlu'  distortion  of  the  pi'(‘ssure  distribution  but  uill 
in(‘reas(‘  iIk'  extent  of  tin'  distortion  alomr  tlu*  span. 


Kicthk  7.— KlTi'Ct  of  Mnc'h  nuinbor  on  pressure  distribution  over  root  section  of  s\vei)t-b;ick 
wine,  A=fiO°.  t)iconve\  section. 

An  interesting  ])oint  to  bt*  noted  is  that  not  all  st't’tions  of 
the  swept-back  wing  have  Z(‘ro  ])ressurt'  drag.  A  positivf' 
drag  ajipears  on  the  root  s('(Mions  and  a  negative  drag  on  the 
tij)  sections.  Hence  tht'  spatiwise  drag  distribution  is 
(jualitativ('ly  similai'  to  that  at  supt-rsonic  s])eeds  though,  of 
cours(‘,  tin'  lu't  subsonic  pressunt  drag  is  zt'ro. 


i  Ames  Akuonat:ti('AL  LAiiouATOin'. 

I  Aatioxai.  Advisory  (\)mmittei:  FOii  Akuoxaftics, 
I  Moffett  Field,  Faiuf.,  il/eg  //A/?. 


APPENDIX 


SYMBOLS 


r 

2*,  ?/,  ^ 

V 

4> 

U,  V,  w 

V 
Q 


P 

Qn 

I) 

t 


flight  velocity 
Mach  number 
(‘oordinates 
point  on  x  axis 
point  on  y  axis 

disturbance-velocity  })otential 
disturbance-v(‘lo(’ity  coinj)onents 
local  pressure 
dynamic*  pressure  pV^^ 

air  density 
Legendre  functions 
differential  operator  (d/dx) 
thickness  of  wing 


c 

w 

x' 

v' 

x' 

v' 

R. 


chord  of  wing  (measured  along  x) 

slope  of  line*  source  (absolute*  value) 

x+my 

y—inx 

./ — my 

y+mx 

Real  part 
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P^iameter'  P>7' ? 

P  :r:  :>7  :^“2^V:^rGeDiri^ 

r  7  >-l>/JD'  ?Pitch 

V~  \  *'^:lr^OW  velo(^pp^^;^_  -rr  ■.,  v  ^  ■ -•  ^  .-  > 
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,  -  7,  3!  7,;  .pThrust,  absolute  coefficient  *C;T==*--^.r^  _  r .  r  /  y  \ 

—  -  '  7;  7  ^"  ^  y  ^  Effective  Helix  angle  =5=  tair^  ^2^ 

^  P  Torque,  absolute  coefficient  ;  P  ‘  7  r  7  ,7  7  f  p 

-  '  “  P  -  5.  NUMERICAL  RELATIONS  7  " 


i  bp =76 '04  kg-m/s=650  ft-lb/sec 
1  metric  horsepower=  0.9863.  bp 
1  mpb= 0.4470  mps 
1  mp8= 2.2369  mpb 


llb=0.4536  kg  '  -- 
1  kg=2.2046  Ife  7-  - 
1  mi=l, 609.35  m=5,280  ft 
lm=3.2808ft 


